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FOR OFRIGL 053 Sy

Condibions of mcaswrement of the quantity of primary produstion

Madhodo Beginning Duration Conditions
of of of of
gL LxpogyRa Lxnonure
1. In_mitn Dexm Lalfday, whole In a vater
light day, or body at differ
24 howrs, ent horisons.
Dz o@ astron- Half light day In a barrel »n
ozdeal nonp board,
Kp Indiffsrent Several h-ura Indifferent, b

but under iden-
tical conditims
of illumination

Ep Degra Halfday, whole In a wvater body
day or 24 hourg | at diffeorent
horisons.
During oxperiments the time of swposwuro should envelop

daily variations of matwal illumination bezawze of which half & 1ight
day io the shwhest poricd of exposuwrs, Whon ecmditions clley i¢ the
duration of exposure can be inareassd to a whole light day to ome ar
even several 2, hour periods, A 24 houwr exposure is the most desir-
@ble during cuch oxperiments, Uneer gertain cwnditions (e,g, marked
alkalinization of the medium during mass dovelopmemt of algas im frosh
vater bodics and others) the exposurs ghortensd ¢- half a light day,
Hith loy voter tempoarature and lov photosymthesis tho period of
expodure can bo imeruased to two to thres 24 howr perioda, 1t ia
desirable that semples from lower horisons be not expoged to bright
daylight during the start emd finish of the expsrimeat, Therefors

it is bost ¢ start the oxperiment et dewn and finish after sunset,

Pachopvnthenda at the yater sucfage (Cfp) is rain quantity for
saleulating, “»e production by tho indireet method, Ths period of
cxpocure a3 ia in sity expcrimeants must envelop tho enlire range of
patwral illumisntion, A% the sams time it chould be as short as
pocoible sinss & mwaber of side phenomens origimate during

which l¢ad to urdercetimating the rosults, Therefors, the standard
paricd for thess dotermimationms 1a half a light day (either firat o
sooond), The camples for det rrining Cfp can be token at any time
and kepd 1n @ ¢o>l plece until the isotopa i3 added to them at dawm
or mocd, Durimg the determination of Cfp tho eonditicns of 1llumip-
ation should bs &0 clogse to natwral ¢ mditioms ab tho sea surfage as
poasible, Simse this quandity is voually determined om

vogeols, cno has to imitate natwrsl o mditions on board, This is
ochieved best in & large woodea tanmk (e,g. in a barrel) with eircula-
ting water, During cxpoguwre the flasks sh-ould be fixad directly
under the surface so that they are mot shaded by the tank walls,

The side wallg of the latter should be opaque and dark withim, The
use of glase aquaris is imadmissible because there is excess illunine
ations in them, Tho determination of Cfp should ba d-mo two or
throo timcs,

Coeffislonts Ky, Cozditions amd time »f o poswro of the flasks
Prr> Antowminine K. aw~ 4 add PO e

46 9% av o . . . - - [ -
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in vater bodies Wy rwdiosarboa ut.!xxh
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Reasuring the amount of prizary production
Sehames for eeloulating quastities of primary procwetios 3
and for carrying osi Gensurcasnts
Teoamijues of opsiations 1
Ualoulations 20
hgoldent prevention F7 S
List of msin equipment 25
Eaferenaos W

This manual was written during the conferwnce om the
prinery production of water bodiecs organised by the
Institute cf Cceanclogy of the U.5.3.R, Asademy of Hcience
a% the Blaok Sea station of the Institute in the summer of
1958, In compdling the manmal the following took parti-

Jeds Vinberg (Ryslorussian State Umiversity)
s Ge Enbanova and C.I. Kobleats~itishke (Institute of
Cooenclogy of the U.3.S.K. Aead. Sei.)
B.¥. Ehmaleva {mm. of hw of the UeSeScRe Anad, “10)
ol

The section on Lhe determingt of ths imitial activity
Jrom the self absorption curve of vas written Ly the
regearch offiser of the laberutoxy of Riophysiocs and lsstepes
of the Byelorussiaa Asadesy of 3ciemse, V.L. kalexr, The
xamal vas discuseed at the soiemiific confarenve om the
primary produstion of water bodies held in Mimsk ia February
1960, The metheds described were used and improved im
epeditions carried cut oy the Institute of Oceanslogy mainly
sagoyding to the m of the 1.G.Y.

The saminl 18 intended for perwoms with suitable
niological, chemical, and yadio-chemiocal training.
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the quantity of orimerz nroduation

The prisary production of a water body is understood to be
the guantity of organie matter synthesised per time uait from
nineral substances by the autetrophic organismss whioch populate
ths vater body of a certain sise (aree). The prominent part of
the organis matter is orcated anew in the vater body in the
process of photosynthesis of phytoplankton., The photosynthesis
of beathic plants plays usually a subordinate role, though in
some wvater bodies, the shallow-water particularly, it might
be of great importance.

The other sutotrophic process, the bacterial chemosymthesis,
1s usually realized at the expense of the chemical emergy of
produsts of incomplete dscomposition and oxidation of organis
compounds formed in due time in the photosynthesis proaess
(RH4, M2, and others), Therefore the chemosynthesis of
b;oen-h. with some exceptions relative to a water body, is not,
in its essence, an antotrophic process. Thus, the photosynthesis
of phytoplankton is the main prodess, in the course of vhish nevw
formation of organioc compounds takes place in water bodies,

The organic matter of algas represents the initial source
of nutrition for heterotrcphio organisms inhebiting the water
body, A% the same time the release of oxygen during photo-
syntheais 1s the primcipal way to replenish the supply of this
gas in the hydrosphere and the atmosphere. Oxygen is a
nocessary condition of the life astiviiy of animels and, gensrally,
of all sercbic organisms) it has a great imflusnce of many
physioal and chemiocal properties of matural waters and is of
great geochemiocal importance., Thersfors, quantitative studies
oa photosynthesis of phytoplankton ars very important in theory
and practios.

At the preseni time, in order to determine the primary
production of a water body, 1.e. to measure the intensity of
paytoplankton photosynthesis, the flask method s employed, in
tvo modifications - the oxygea and the radic~carbon omes. The
readio-garbon method proposed by the Denish scientist Steemann
Molsen (1952) 4s widespread in oceanographic investigatioas. Im
the Soviet Unjom, the radio-carbon method was used firss by
SeI. Kusnetsov (1955§ in relation to fresh waters, and then by
Tu. I. S8orokin (1956) who worked cut an original scheme of
axperinents desoribed belov for determiming the primary production.
A mmber of works were earried out both in the sea and the freeh-
water bodies with the use of this method (see Comtributions teo
Flanktoa Symposium, 19573 Vinberg and Kaler, 1960).

Messurvaent of the primary produstion by the 014 method 1s
oarried out in the following way. A certain amoumt of carboma-
labelled sodium bicarbonate, or sodium earbonate, is added imte
the flask filled with vater taken from the water body, which
coatains come plamkton in suspensiom. The flask is then expesed
tn light for a certain period. Under the effect of light phete~
wyathesis is realised by the wufh.nml, in the course of which
the sarboa contained in the water (both radisaciive and natural)
is transformed by the algae into the organis sudstances of their
body. Om filtering the plankton on a membrase filter at the ead
of the exposure and oa measuring its beta-ggtivity, it is possible,
taking also imto sscount the initial C14/C12 ratis, to caloulate
the total amount of earbon assimilste im the process of photosynthesis.
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izperfections in oomparison with-the cxyien method. The main
udvantago of the radio carbom method consists im its higher
sensitivity vhioh exoeeds that of the oxygen method by a fastor
of 100, Thus, the radio~earbon method mekes it poesible to
Beasure photoaynthesis of a vory low intenaity, or at short
SXpogure poriods., Besides this, the long hel:-life of Gle nakes
it possible to deal with the material long after its collection.

The main imperfection of the radio-sative method is that
thore bas bean not as yet a sufficieatly clear idea regarding
usder viidech comditions and to what extent the ta of measure-
aent of production are affected by the loss of axhaled with
sarbon dioxide during respiration.

Baasducs Sor saloulatiog She quaniitiss of nrimary
nxedugtion for carryiag out ihe mescurssanta

The caloulation of the observationed Reasurements cbtainsd
vith the radio carboa method, is carried out by means of the
formula

viere i3 the quantity of photosyathesis daring exposure,
in mgC/l} ~ the total quantity of R 1n all forms of
ocarboa diox in vater (C0p, BDX). ,), in ngC/l;

r - the radio activity acquirodbythnphnophnktondnrm
Sxposurej R = the redlo-activity introduced into the experimental
flasks, measured under the same ecnditions aa r, and expregseed in
the came units,

It is evidemt that the r/R retio imdicates what frection
of the adied amount ef 014hush3hudbythoplmktonhyth
end of the exposure. Aigsuning that the same fraction of the
total carbon conteat in the water is assimilated during the
sxperiment, <o obtain the above stated formula, Oorrect results
of caloulations are cbtaimed vhen the following oonditicas are
falfilleds

(1) o &5 sup od to a cell during the process of photo-
eyntheals onlyj (11) Cl4 4s assimilated by the algae at the seme
uuucu.i.o.m.mrmmummnmorm
(Cy) as that of the 014 Lsstope vhich is known {rom the I/2 ratis
is sesimilated; (114) the assimilated in the process of
photosynthesis i3 not concerned in other Rocesses taking place
siml tanscusly,

Hoserer, none of Lhegs sonditions is completely fulfilled,
Motoummdsupr;n:da series of eorrections in the
caloulation of produciiea by

1) The correstion for “dark" fixation of is associated
vith various hioleglcal and shemical processes., nagaitude
as deterained by various authors varies oonsidershbly. IMor imstance,
in M-t cases in open coeana it is small (one or & few per ceat, of
the megritude measured) while in waters with large anounts of
bagt-.is it 48 muok larger. With very small quamtities of production
$he dark fixatiom, tiough insignificant in its absoluts Yalue, comprises
& considarsble fraction of productisa,
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(2) The correstion for the retarded assimilation of
cl4 in comparisoa with that of ¢1<2 wa determined by Steemann
Kielsen (1952) az equal to 5 pesr oent, of the photosynthetis
production, and by Sarokin (1959) as 6,79 per eent, These
figuras cannot be rsgarded a3 final and are subjest to further
Bore accurate definitiom, It is known in particular that the
isotopic effeot inor-ases with decreasing period of exposure,

(3) The correction for respiraticn (1., the liberation
of CL) in light) is sccording to Steemann Nielsen & per eent, of
photosynthetic production under optimum light copditioms, It
follows hovever from Rythar's sxporiments that C4 is prastieally
not libaraced in light,

Dus t- a lack of definite data, and the contradictariness
of data given by different authors, meny rescarcth workers suggest
the sbove o-rrections not be intrsduced for the time being, res-
trictin, themselves t- the diroet detormination of ths amount
of redicactive carbon which entured the particles retained on
tha filters in darkness, It is recommended thu® simples in
darkened flasks bec exposed simultaneously with those in 1light
fleske under the ssme o:nditions, This elirinatos tho nesessity
for intradusing the correetion for dark fixation of Ci3, “hen
publishing tho results it is ossential t- indicate vhether or not
eorrections were introduced and if they were to state which,

11 order to obtain the quantity of primary produeti n per
unit of area of the water body cne should know the distribution
>f the intensity of photosyzthesis -ver depths which dopend ma'nly
on the vertical distributisn of light, phytoplankton, and partially
temperature,

It is possible t» culeul:te the total quantity of photosynthesia
or the produstion under a squire meter of the surfaee of the water
bydy by different meth s, As was sh wn by o>mparative investigations
the twn methods which have been used so far give nearly ideatical
results s> that the procedure selected depends on operating ¢ nditionms,

3y the method of direct determination of the rate of photo-
syotheeis (4n sity) tho latter is measursd in samples of water
taken from different dopths and exposed at the same horisons after
the wddition »f the isotope (Procedure H, Fig,1), Ihis procedure
makes 1. possible to take into sceount changes in the intensity of
phytoplarikt n photosynthesis with depth in the most ideal wvay.

On measuring photosynthesis at eaeh horison a curve ia plotted,
the are included by the curve corresponds to the produstioa im the
water columa,

To use the in sity method, prolonged exposures of the lasks
in the water body are necessary which is far frm being presible,
Therefors particularly in ocean conditions ome should frequontly use
the other mathod,

depth is based on the gotcnimtian of the qmtgty of photosyntheais

in a sample from surfees vater laysrs and tw> correetion eeefficients
which refleect the depemdance of the rate of photosynthesis at differeat
depthe cn ths penetratiom of light (KT) and om the vertical distributiom
of phytoplanktom (K.) (Sorokin 1956, 1958, 195%).

The coefficient K; oan be deterwined in two ways, when the first
vay is uned an experiment is carried out in the water body
(Frocedure 4, Pig,1). The rcsults cf mcasurswente obtained at each
o ace divided by the juantities obtaimed fur parallel samples
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1,0, the rcaults of xcasurements are expresssd in relative quantities, A
Lhe quantity of photosynthesis mo~sured under constant light (om board)

being takon as unity. Thesa ralative quantitiea represont the eoeffic-

ient X7 for sach horisca, In prastice when the sase amount of C

radiocisotops is adled to the rlasks of identieal volume and the astivity

48 determined under identical conditions it is sufficlent o take the

res:lts of mcoasurements af the setivity of corrzsponding filters for

caleulatiny the coefficionts,

Jhen the socond vay ‘s used, 3 uniform sample of vater is poured
{nto a number of flasks (Frocedure B, Fig.1) which ars then ¢ -posed
{n the vater boly at thu same horisons es in the case of the in aik%
e periments, The results are alao e pressed in relativ: units, i.e.
in fragtions of the photosynthesis at the surface, To increase the
ecouracy snd to shorten the periods of exposure during the determina-
tion of Kp it 1s recomrendec that flesks be filled with wvater first
enriched with phytoplankiom, When the water is enriched with phyt o=
plankton sooplankton can be eliminated by difforent methods, for
instance by filtration through coarse roched seives, For oceanis
plankton it is possible to hold the sample of thickened planktom for
15220 micutes, During this period the oxygea content decreases,
sooplankton settles to the bottcm and it beoomss possible to eliminate
4hem by deocantation, >

Cosfficisnts ip are detsrmined only at cccasional prolouged stations
with the apecific optleal charsoterist.cs of tha watsr for a glven
region and sexson with relatively low variatione from statin to statiom,
Theref rra, a3 it has basn shown by studiss of the method, the results
of determinations of Kr obtalned at ogme stati-n ¢.n be applied to
neighbouring statioms,

The above methad of calculation glves epproximate results only,
Lecause it does n~t taka into account veriations in the quantity of
golar radiation from day %o day, The coefficients Kp obtainad under
certain wsather emditions are applied to caloulati-ns at other stations
carrisd out unier difforent eomditions, Therefore, another method
¢or cbtaining the cosfficlent Ky that is derived from Ryther's papers
is briefly deseribad below, 4ocording to this method, the oxpcr{:\m
for finding the relationship bstween photosynthesis and light must be
moscmpanied with the massuraments which make it possitle to ealculate
tho totsl solar radistiom for a day at different horisons, which is
poaaible without lengthy stoppages of the vessel, If curves with
subsurfsace msxirs sush as in Fig. 2A are obtained as the result of
the measurement of photosynthesis of the uniforw samples of phyto-
plankton plased al 2ifferent depths, thoy can them be used for further
celculations, [beir cospcments are & pressed in relative units, the
raxisom value bsing teken a» 1 <% , Substituting for depths the
corresponding quantities 52 light enexgy it 1s easy to plot the curve
for variatisn of photosynthesis with light (rig, 2B), similar to those
given by Steezann Kislsen {1957) and Ryther (1956-57; in their verk,
Tha difference consists in thal these authors obtained their curves
under eonditions of artifieial 111uminetion but the method suggested
makea it possible to obtaim them under patural conditions, Prelimin-
ary eowparisons showed that the bshavicwr of the curves for the
phrtoplanktcon vhich inhebit one and the same biogeographieal type of
vater varies izsignificantly. It is sufficient therefore to obtain
cna ourve and it would be possible to use 1t within s given regiom
and soason, To obtain the coefficlents Ky the valuss >f the relative
phctosynthesis ere taken from the curve, which eorresponds to the
tobtel redistion recorded at different dépths and the values obtained
are exprcseed in per ceat cf surfzes photosynthesis,

The ccaffinsiente L. vary much mare from station %o stetion than
eei ut %4 ba deterzinsd separately at cach statiom,

e . ¥ '
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To deternine coufficionis Kp (Prosedure C, Pg,1) the flasks
are filled with water token from different horiscoas amd ingubated
vith identieal {llumination (on board, in ths labaratory ete, ).
The walue of Ep i3 equal to the quotient of the division of the
aativity of the filter obtained by means of €lltering the sample
taken at & ourtain depth by the activity of the surfase sample,

By multiplying the cosfficients Kp and Ky, referring to ome
end same depth, the total correciion coeffisient Kg is ealsulated,

Eg = K> x Ky

The coefTisisnt kg shws the faslor of the intemsity of photo-
syathesis al a given depth to that &t the swrfage. Multiplying the
intesaity of photosynthesis at the surfase by kg we obtain the
phiotosynthesis at the depth to which the given magnitude of Ky ccrresponds,
Reving detorzined it for a sufficient mumber of horisems it is possible
to obtain ths produotion umder a square meter of surface of the water
body., DBy ealeulatimg the intemsity f photosymthesis (produstion)
for eash depih and plotting the ocorresponding graphor by plotting :g
(see page 23) in the latter caze the area restricted by the ourve shows
tha retio of photosymthesis in the vater columm to that at the surface,
In owder to obtein the absolute quantity of photosyntheeis under ome
8qusre Beber thip ratic should be multiplisd by the photosynthesis at
the surfage, i,0 by Cfp. The arca ean bo measured in different vays
(planinetry, valghing, calculation),

[ LR ¢ R # .S Ve IOAN SR EALDANE DAG L OR0Y
Different quantities of radiocective earbom are adced into e -
flsgks depending on ﬁz abundanse of phytoplankton in the vater body,
Uaually the isctope is brousht into a flask so that ita activity
13 2 to 80 C/1, Thie quantity is selected depending om season,
sbtundange of phytoplanktom and the duration of the experimsnt, Por
instanee, less active initial solutions should be used in summer than
in vinter; in the case 3f strong development of phytoplankdon in the
vater less activs s-lutions should also be used than in the case of water
vith poorer phytoplanktom,

B 4 Q

The initial solution of ¢ is prepered from the preparation
supplied by industry as follows, A certain quantity of distilled
water freed from Cuy by bdoiling is poured into well wvashed Clasks
vith ground stoppers and 1% sclution of KOH is added (2 xl of alkalil
per 1 1, of wvatar), The alkaline medius prevents volatilisstiom
of the 14002. The eontent of the ampsule of radiceetive isotope is
transferrod int> the same flagk, fulfilling all the rules of aseideat
prevention, after vhich the flask is closed and the solutiocn shakea,
1n the cass of hich aetivity of preparation it 1s diluted repeatedly,

The solution must bs kept in cerefully closed flasks im darimess,
ﬁ: aoti of the solution deercases vith time dus to exshamge of
with of the atmcsphere, Besides this ean
develop in the solution, In connestion vith this before baing intro-
dused into the experimental flasks the working solution is filtered
sach time through a membde filter No,1=2 to remeve partisles,
aostly bacteria omhin.ln:bt‘c.

After Tiltering the workimg solutiom of redicective carbem eam
bs poured into ampoules in required congentrations and volumes saleulated
per (lask or per the vhols mmmber of flusks for a single experiment,
The empoules should be sealsd, storilised in an autoclave, and wsed
directly with the arrasgemeat of tho experireamt,
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samellog. Lillioe of Llasis. iatreductlon of the lactope. The

flasks to be used in experiments should be washed vith a chromium e =" !
eixture or cleaned from bactsria by other known methods, It is

preferable to use fcr sampling a water sampler made of polyethylens

plastie, plexiglass, or glass (Van Dorn 1956, .itts 1957) because

metal oxides have toxic effects on algas, Water samplers made of

plustics should be washed with hot fresh water, When a metallis

weter sampler is used its internal surfacs should be carefully

cleaned and covered with a mixture of wax and paraffin (1-1) befors

the operatiocn,

To determine the depth of sampling one should take into account
the transparency of water and the vertical distribdution of phyto-
plankton, When working in open seas standard horisoms are ardinarily
wsed (0,1¢,25,50,75,100,150, and 200 m ), To obtain the curves for
Ky and in jn _sity experiments one should take additi-nal samples at
depths of 5,15, and 35 m, and for obtaining the curves far K. at the
horisons of phytoplankton aceumulations which are frequently observed
in the layer of water density diseontinuity, A layer of phytoplankton
aoccumulation can first be found opticelly by means of a transparency
metear,

Sawples of water takea by the water sampler are poured into
light and dark flasks with ground stoppers, The volume of {lasks
should be equal to or more than 500 ml in oceanic operatisns, whilst
in fresh water bodies it could be 60 to 200 ml, If the flasks are
submerged to diffarent cepths the light flasks should first be placed
in btlack bags cr a case, [illed with water and removed just befgre
being submarged, Otherwise a burst of photosynthesis will oeour in
light end the production in depth will prove to be over—estimated,
As vell a8 placing the flasks in darkness one should also arrangs a
control for their exposure to> light for a period equal to that for the
start and finigh of the axperiment, PFor the period of sxposure
thesa control flasks are plaged at a depth to whieh practiocally mo
light penetrates, FPor such a sontrol 2 flasks ars usually suffisient
which are kept at a depth of say 100 or 150 m,

The workiag sclution is introduced either with a Mohr pipette
connected by a rubber tube with a syringe or a bulb, or an automatis
pipette or a burrette,

After the igotope is added the flasks ars elosed with stoppers
end their content carefully shaken,

p ) . Conditions of exposure
are different depending on the proeedure of sxperimests chosea, Whem
the primary produstion is deterxined by the direet method (in sity)
(Procedure A, Fig.1), The flasks are exposed s the same depths from
which vater was sampled, When determining the produstion by the
irdirest (somputation) method one should kmow the quantities of daily
photosynthesis 3t “he surface (Cfp) and the goefficients Ky and K
The exp sure during determination of these quantities ocomrs under
different oonditions which are summaed up im Table I,

Fm orm e e N's.\{
DN N .o i
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$1lmminatim ond at ideatiesl tempurstures and the duration of

axposure 1o suifislent Lo obtain weaswresble resuits, However,
it 19 mosh eonvezient that the erposure during the detersinatics
dbwdmn—mummm:mw“"“:.
ia the eams of determining Cfp beowase

deterninstion of photosynthesis of the surfuse sample is thoredy
inereasel,

X2 Prolomged statioms arc weed for determining
Ky, qumotcm are aseosiated vith the
seaw reagoms uo iz the i il experimewts.

£

Immediately after the experinente sre finished the eontemis of
the flasks are ived with newievlised formalin (1C ml 4% formalin
11, of water), hen vorking at sea vhere the ancumt of phyto-

plankton is lov amd samples filtered fairly quiskly, it is possidle
Bot o fix the sambemte of the flasks,

The scaples «re filtered through a fusmel with 4 wembrane
filter & VAQWIR palg, The filters ardinarily used for filteriag

of the poytoglanktca, In ecmnestiop vith this the *Prelimisary” filters
shnid De sarefully selasted by miardeecpis emminetiom, The filters
Eo,§ retain prastisally the entire phytoplaniien eomtained in the water
ssmpls bdut rilirsiion through them tobes wush lemger pertisularly ia
the

«mo’x-::-um-a Y
slways vhes pessidls, it is preferadle to wpe filters Bo,
Bfoce ilsratioa the membrans £ilters showld be boilled several times

:
!
:
4
{

\ , Sgrh. After the filtratiom of a sampls mineral
gae-tiele s sadicastive iooiope esn e found on the
Lilters besides ke MMMM:-“
hydro-anloris auid vhisk sam be dms by one of theree ]

1, §ml of 3% HOL Lo posved Yeragh tee fllSer.

2, The Flisers cre irvenaderved 30 & £ilbar paper aad vetbed
vith a fev drops of 2% HCl,

3, The filters vith thelr losssside are plaoed @ the surfese
of O30 BEL powed inte a Petrd didh and L losding a
the ssid surfase £cr 2 4o 3 minuies,

{The surfuee £ the filter with the planitm should faee

upwards )

F@D ;n['r'-n—,,. rem mnny \{
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Whon working at see the HCl i3 prepared from a solutiom of
isctomic NaCl,

In all the three cases in order the remaining NC1 the filters
ars washed with 4distilled or filtered ses-vmter in the seme wvay
a8 in tho agid trestment.

When the first method is used it is necessary oither to add
an clkali into the filtretion flask or to ocbserve that the aiy
cmﬁ:a?u%m”ﬂdwhmmnnrm
from the working ares by means of & Mose put on the outlst pipe,
In such a foarm the first metkd is most conrvenieat from the poimt
of view of ascident prevemtion,

After vashing vwith wvader the filters are dried first in the
air for vhich parpose they are plased outo & filSer paper ia &
Potiri dish and fisally ia a desiccator over Call; and sode-lime,
The sotivity of the flltecs 18 eounted by means of en emd-windev
soumter, To avoid surling of the filters vhem dried it 1is
reocumended that spesial holders be used waish caswre the flab
swfease of the filters whish 1s neeessary for deteraminiag their
astivily, The hulders should mot toudh the filtering surfaoe,

When there 18 »o poseibility of determining the astivity of the
f1lters tmmcdiztely after Sheir Arectmsmt they should de stored in
& deslesator over Cally; and sada~lime, The latter is introduced
in order to decrease tho loss ofsotivily of the filters dus to
isotopis enchange vith the OCy of the alr, During storege of the
filters owe should pay spesifis attention %o casuring ecaditions
wder vhiock the wpper swiaes of the {ilters have no somtest
with anything elss,

r.moxmdmnmnefmum(muusyoctu
in13ial sclution of iscteps, the adequate weshiag of the filters,
ete.) ome should perfors from time 4o Aime s hlank determinetion
either vith distilied vater or vith the wvater weed in the experimmte
vithoul epogurse,

Tha Detaxnioakicn. of dis laihial Badicestivily
The deterniaatica of the initial radicsctivity R, 1,0, the
sativity edded to the experimumtal fiagks is earried ot wnder the

Ll |

N e
Faﬂ Eﬁ I YR R B
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SeEs ooditions .a the determinaticn of the agtivily of the
expacinestal f1ternt the same filtering oquipment (amd
Wmmmatuemwu)u“,mmm,
mmmtmmm. x-uuuunumrmm
to detorming the rolstive astivity end to express the results
olthenwtmtinﬂuu-bcofyﬁmmtmmt.

To deternine the imigial astivity of the solution vhieh
cmuml‘cumw.umumrrnm‘q.mg
mm.aunmuumwuwamumfuwm
kmmnlwofthodopuudhm’humm”hm
the wvhole wowat of 140 1 the solutiom,

If the leyer of preoipitate is Pairly thin (less than 0,032
qlu“)muumyormmmm.m.mu
the ialtial aetivity, Hovever, the prosemes of 0G2 $n the Peagenrie
2 m.mmmmnmcumcmmmnm
0 uswe 'y dhicker, nohﬂmd’ﬁomiucﬂw,
u«mirmm-drmm;qmwmuuw
thiskmoss of the precipitate, vhich makes the istroduetion of
suarrections nesvseary., The wumbor of milees mrasured deoreases .1ith
lusressing thisknogs of the preparation dwe to self-abscrption,
The uu-cmm’m of the rodiation within the preparation insreases
the mmebur of palses soumbed by the instrwment, A% first it repddly
Lweuuviththcthuhmotthemuoa.rmsnu—
as.m1uhww(t-mo:.u/u3)mm¢m.

umh«mnuumpm.mom:-uﬂm
&mwmmtlﬁnhn\‘hlw. The magnitede of
m“—mm%&mdmohmrm&mﬁ-
sperating with emdwrindow sounturs, d-mmmmm gecmety,
tyumumxmo:mommmwmkuum
mmwmawqmumm-u. mwvmm
éombers 16 1is possible :ommLan(cdm. 199, Steemamn
Eialoem, 1957), hdln&mmm\rmmm
AcMﬂntkﬂoMiﬁm“. I8 12 possible to store
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prepared specimens with different thicknesses of precipitate and
use them whon counting comditions are changed,
In practice the self svsarption curve is plotted as follows,
A quantity of the initial rediocactive solution suitably diluted to
contain C,1 to 1,15 C of the radicactive carbonate is placed
in a number of wide test tubes washed {mmediately before the work,
Then differcnt quantities of a solution of sodium carbomate with the
stable isotope of carbon are adced into each test tube sc that the
veights of barium carbonate procipitates oitained wore within .1
to 30 l.g/onz. For a bettur coagulation of the precipitate 1
ml of 1% solution of Ni;Cl are also udded,
For precipitating, a mixture is prepared of 200 ml of L4iN
NalH and § ml of 2N BaClye The mixture is alloved . wuettle in a
flask (for precipitating the carbonates which vere in the alkali),
After deecantation, 3 ml »f NaCH solution free of carbonates are
added to each test tube with a burette, after which the test tubes
closed with Dunsen valves and heated in a vater bath for 30 minutes
at 80°C, The precipitate thickens and settles to the bottom of the
test tube, The contont of the test tubes are oconled down to room
tewperature and transferred quantitatively to the filter No,5
(Fig.3 here)
 The cwplctencss f precipitation is checked as follows, 1 ol
of the filtrate is uvap rated on a disc of filiar paper 1 om in
diametzr after whic the dise is p'nesd under the eounter tH rcasure
the activits. If the iner.ase aver the back round is equal to or
less than 3 counts per minute tho pracipitation can be r:garded as
complete,  The pracipitate on the filter is washed twice with
fresl.]l boiled cold water. The filtors are dried in holders which
prevent the filters from curling and the procipitates from cracking
at room tempurature, The drying is continued until the weight of
the precipitate is constant and after that the radiosactivity of the
filters is determined,
The r sults obtained are plotted om & graph  The initial

activity can be obtained in two ways, The method of extrapolating

TR
BN S

i
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the left descending sectis: of the curve into the region of "weightless”
precipitates is more accurate, It is difficult however to »btain
precipitates of low thickness and weisht and very careful work is
required under grod laboratory conditions; therefore ansther

method can be used, Precipitates of thicimesses -f 1. to 40 mg/cm2
are -btained and their activity measured, In this case logs of the
sctivities moasured at different thicknesses of the BaCly layer on
the filters arc plotted on a graph, The graph represents a straight
line whose print of intersection with tho axis ~f the ordinates gives
the log of the initiml radio aotivity of the volume of the initial
soluti n analysod (Fig. 3).

e

No, of the Weight of Activity measured Log
Flask precip.tate Counts / min, Activity
Tl
1 12,08 1087411 3,0362
2 15,1 97%31E 2,9886
3 22,22 736213 2.8669
4 25,11 683210 2.8344
5 30,23 4797 2,6803
6 3%.97 428se 2.6,
7 40,08 31727 2,501

The e:trapolated value of the log sorresponding to the point
of intersestion of the straight line and the crdinate is 3,27, hence
R (activity) = 1860 eounta/min,

In the case when ths time for determining R is limited »r the
econditions rcquired for an accurate determination are atsent, it is
possible to operate for obtalning preliminary results in the following
way, An initial solution with a specific radioactivity of about 10 C/ml
is proparod, Z,.1 ml of this s-lutin is taken with a mieropipette
spread on a plastic turget and dried rapidly, The dried preparation
is counted under the end-window gounter, Later on,en the completion
of the e.peditiin, the results so obtained are made more accurate,
With this purpose the initial solutinn of the isotope is periodieally
sanpled in a stirietly measured quantity placed into an alkaline
medium and in this form delivered t- the laboratory in which its

b
e

oM
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activity is accurately determined by the “irst method,

In the case whon suitably prepared sterile ampoules arc used
with a solution containing MC, its initial activity is cetormined
'nly during preparati n of ampoules and after a certain period of
use ( at the end of an investigation) for control,

The caleulati : of the total ¢ nteat of C in all forms o!&g

in vatqr.
lo caleulate the total amount of C02 compounds in sea-water it

is necessary to know its pH, temporature, e:l-rinity and carb-nate
alkalinity, In oceaniec waters tho ratl> of alkalinity to salinity
is a constant magnituds equal t» ve 123 therefors it is possible mnt
to determin direetly the alkalinity in this case, In estuarine
vaters the alkalinity/chlarinity coef icient varies greatly,

For sea-wator the ®t-1 content of earbonate carbom (Cy) can be
determined with suffieicnt ac-uracy from the f+11c *  slightly

) simplified forwula (Harvey 1948)

k = _A (1+ K&
1x a,
4
where X; - the second apparent dissociation constant of C., in
Bea-watcr at a given temperaturs and chlorinity; &, - the
¢ ncentration of active hydrogen ionsj
A = the carbonate alkalinity in milliequivalonts/1
The values of K} under the conditinns of th..measurement are found
from Table 2, The values of &, are easily calculated frm the
equaticn

P = log 3

To simplify the calculations it is pssible to use the aumiliary
Table 3. Tenth and hundredth frastions of pH are given in the eolumm
PR of this table, i,e, multiplied by 100 negative rantissas of logs
and by crresponding wvalues of antilogs (4).  Pinding q in th. table
and multiplying this valus by 1.U to ths negative power equal t: the
numerical value of the pH in wholoc numbers » 1,e. tho characteristie
of the log, we obtain a

Taking an axample of computation,
faldng pH - 8.28, A = 2,37, teaporature of the water as 16 C»

,7

~Tg a -
‘:&‘,:; Lo -
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ohlorinity 17%,, In thoso oonditions Ki equals (.83x1. from
table 2, From tetle 3 we find that a, equals L,562 x 1(/'8.
Hence
G a2
o crys u'%—a )
= 24,67 ngC/L

In occanic water the total c¢mntent of Cly in its various forms
varies in the range 20 to 30 mgC/1, therefarc it is possible to
take for approximate caleculations that Oy = 25 mgCA.

IABLE 2

The sesond apparent dissociation constant of Cip (X)) in sea-

water at diffurent temperatur.s and chlorinities (after Duch 1933

taken from Harvey 194£)

Q°/ o

TABLE 3
Valuuotquthplllog%

For fresh water the total content of carbonatu carbom is found
from the results of deterzination of total Cip (Aaekin, 1944),
For the waters of carbonate type it is usually possiile to consider
without a largo error that the total content of CU2 1s equal to the

alkalinity,

: *\,?\w ' {
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2 2 Co im o
Th> following results were obtained for uxample during the
arranguncnt of the e periment,
R = 1..4x1"«6 counts/minj r = 52 counts/miny C, = 25 mgC/L =
25x1.” mgt/a,
Cfp is calculated as hus been s::wn above frm the formulas

m:_r.ﬁ_&k_ =_§?ﬁ1ﬂ%3___ = (,295 ngC/r’

Depth X, K. Kg

u Countg/min, b 4 Corunts/min 2 L)

In order t-> ealculate the produgti-n in a water ¢ lumn tho

curve ks is plotted, It has the £3llowing form (Fig.4)/

(m‘ 4 here)

It 1s necessary to detormine for the caloul:tion the ratio of
the arcas ABCDEFG amd ABHI, The ABHI area carresponds to the
produstion of 1 m> of the water, It is most expedient to eut out
these figures from paper and to weigh them, In the case when the
weight of the ADCDEFG area is 166 mg and the weight of the ABHI
area 5,4 mg, the ratio of the viluea of those areas is 31, By
multiplying Cpf Ly 31 we obtain the production infhe water ¢ lumn
under 1 m° of the vator body surfagce, In owr example it is

X 0,295 = 1,15 wgC/n> = 0,09 ¢C/n’

In this example the rosult is expresied in woight units of
garbon, In order to express the produstion in other units it
is possible to uso Table 4 (Vinbirg, 1960 p.59)

TABLE 4
Coefficlents for transforming the results of msasurements of

produstion into different ways of expression,

B Ty
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The coefficlents included in [able 4 ars only suitable with the

photosynthetic coefficient 1 equal to one, In realit
y

1 The ratio >f the velume of COp ¢ msumed in the process of
photosynthesis t- tho volume of Uy given off 1is ocalled the photosynthetic

coefficient,

photosynthetic coefficients higher than sme correspond to the
elementary composition of phytoplankton according to the literature,
they are about 1,25 therefore when caloulating the primary producti n
»f water bxdies the quantities marked with one astorisk should be
multiplied by 1.25 and those with two asterisks divided by the same
factor,

ACCIDENT PREVENTION

A1l operations with the radiocactive isotope ll.c must be carried
out with strict observation of the accident prevention rules by
the staff specially trained, It is necessary to work in special
clothings laboratory coat, cap, sleeve-guards, rubber wloves,
and a long apron,

All the operations in diluting the isotope, filtering active
1iquids etc. should be carried out in enamelled basins covered with
a thick layer of filter paper, The filtrates should be treated by
HC1 in a fume cupboard under a ho>d with barium absarber or under
other conditions which are able to protest from gaseous l‘GOZ
discharged during treatment, All the radioactive solutions in

filtrates should be kept under lock, One should always use only

o mEL L TH T
FUJ LieiirL uln Z.J'.'..‘.{
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special pincers and pipettes with syringes or bulbs adjusted to
thom,

In cases when radiocactive sclutions have been split they should

; " be collected with filter paper and the contaminatin arcas sho:.ld
be treated first with soda then with dilute HCl und washed many
times with watur,

Radinactive by-product: on land shculd be disposed of according
to tho rules established by the Health Authorities, In the sea
they can be simply thrown away but avoiding the use of the ship's
drainage system and at a distance from tho shore,

It is recommended to wash contaminated ware first eithoer with
soda solution or with a solution of the following compisition 1
vater 1C 1 eone, HNU3 675 ml, oxalio aeid (saturated s>lution)

11, ocommon salt 200 gr., and then to wash them by usual methds.

1, Equipmont 81 B=l or "Tobol®,

2, Vertieal lead castle,

3., ‘nd-window counters, type MS~25 or MSs30 manufactured by the
workshop of the Timiryasev Agric.ltural icademy,

4e A funnel wr Ciltratin set,

5 A pump, Komovakii or Shchipts, >r a Forvasuum pump with an
eleotric drive, type ¥B=46l,

6 A sampler, proferably of plexiglass or polysthylene,

7. Flasks of colourless glass with gemound stoppers or Jitts
samplers,

8, A pipette with ayringe for introducing the radioactive solution
or a sst of ampoules vith the isot-pe measured into them, The

latter can belroken dircotly in the flasks by means of a tube with

notches n the end which is put on the ampiule end,

9« Analytical or torsion balance,

10, 3asins, desicoat-rs, drying oupboard, cte, as usual,

FOR 77,0 e ey
Howa oot was v d

Lo iy
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Alekin, U44,{1954)¢= Chcemical analyses of land wators,
Leningrad Gidromotecisdat,

Vinberg, GeG, (1950),= Primary productisn of wator bodies

Minsk,

and Kaler, V,L, (1960),« Compurative investigatim
of the primary production of plankton by radio=earbom aad
oxygen meth ds.
Doklady AN=S3GR«130 446449

Kusnetsov, 3,1,(1955),~ Use of radi-active Cuz few detormining
comp.rative quantities of photosynthesis and chem>synthosis
"Is»topes in Mierobi logy", colloction of papers,

(Proe, > tho conference on the use »f labclled atoms in
biology, p.126=135,

Sorokin, Yu, I, (1956).- n tho use »f radisactivy oearb-n L
in studying the producti n of water bodies, Proc, All-union,
Hydrobisl, Zoc, 7 8 271=286,

Scrakin, Yu, I, {(1958),= The primary produstion of organie mattcr
in tho vater columns of the Rybinsk r. servoir,
Proo, Binlogieal itution *Borok" 3 s 66-88,

(1959) .~ Detarmining the quantity of the isotopis

effect in cultires of Zggpedcemug guadrigcaude Sull, Inst, Bi 1.
of Leserv irs, 417-9

(1959a),~ Detarmining the produstivity of phyto-
plankton photosynthesis in water columms by means of 14C, Plany

Bhysd logy. § ¢ 118-125,

Harvey, H,V, (1948),- Advances in the chemistry and biology of the
soa, (Moscow translation)
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Fig.l (p.8) The procedurc of filling and e-posing the flasks when
measuring the primary produstion according to Yu.I. Sorokin's
method 3

A = the "in situ" method of observation and an example
of tho curve for the variation of photosynthesis

intensity with depthy

B - determination of the values of the coef’ - Xp and
and example of the curve for the distr: i
over depths}

C - determination of K over depths,

The eperimental rcsults >f the photosynthetio intonsity e.pressed
in per cent, of the intens:ty of the photosynthesis in a s.rface
sample, are given on the horis ‘ntal axisy tho depth, in m, om the
vortical axis,

Fig.2 (ps1v) Viriation of the photosynthetic intensity with the light
conditions s

A « the distribution of the photosynthetiec intensity over
dopths fr-m the results of woueur ments by in 8itQ methods,
‘n tho sbeissa photosynti- ‘. per cent, of the maximum
on the ordinates depth Li .. . . and thu values of radia-
tion cnergy corrogponding t> them in oall/cnz/day.

B - tho same data given in the form of a curve for the varime
tisn of photosynthetio intensity with the wvilue of daily
radiation enerzy in cul/clz/day, or ordinates photosynjhesis
in per eent, of the maximm,

Fig.3 The self abswrption curve of BaC'4U3, obtained with an end-
window eoumter,

3 « variation o7 the astivity to be measured with the

thickness of the BaCl3 layer,

A - a part of the same data in the frm of & semilogarithmie
graph which makes 1t possible to deteymine the value R .
(n aboissa tho thickness of 3aCly layer in mg/ew?, on

osrdinatos the ratio of the activity moapured at a
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Given thicknesa of the properation (I} to the activity
at serowthicknesg (1)

Figel An example of tho curve fr the distribution of values of
Kg over depth, which sarves for caleulsting production
undar 1 mz. Tho aides of .he 8quares are § 2 m »f depth
in the vertical and 1)% of Sfp in the horizontal, Uth-r
explanations in the te.t,
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